Solvents and Chemicals First grade methanol, cyclohexane, and methylethylketone were purchased from Merck Biosolve Ltd. Valkenswaard, the Netherlands and Na 2 SO 4 from Merck (Darmstadt, Germany). Acetone-d 6 (99.96%) and benzene-d 6 (99.96%) were purchased from Cortec (Paris, France). Phlororoglucinol (1,3,5-trihydroxybenzene) from Sigma (St. Louis,
The Ginkgo tree has been of interest to mankind for more than 2000 years, making it one of the oldest known medicinal plants. It is of great interest because its leaves possess pharmacological properties that include radical scavenging, improved blood flow, vasoprotection, and anti-PAF (platelet aggregating factor) activity. 1, 2) In numerous experimental models, a ginkgo extract was found to affect vascular and metabolic disturbances as well as neurological and behavioral activities. [3] [4] [5] [6] Among the constituents of Ginkgo biloba, terpene trilactones such as bilobalide (BB), ginkgolides A (GA), B (GB), and C (GC) (Fig. 1) , along with flavonoids, have been identified as the active constituents of the Ginkgo extract for inhibition of the binding of PAF. 7, 8) Recently, these compounds have also been reported to be effective in the treatment of cerebrovascular insufficiency and peripheral circulatory problems, as well as Alzheimer's disease. [9] [10] [11] [12] For the analysis of these bioactive constituents, HPLC with UV detection has been developed but many trace impurities still interfere because of very poor UV absorption characteristics of the ginkgolides. 13, 14) Therefore, HPLC with RI or ELSD, and GC with FID or MS are more suitable and have been used with considerable success. However, low sensitivity, baseline instability, and need of extensive clean up steps still remain a problem. [15] [16] [17] To solve the analytical problems of these Ginkgo terpene trilactones, the development of a reliable and robust method is required as alternative to the conventional analyses. Previously, a quantitative method using 1 H-NMR spectrometer was applied for the analysis of these compounds after a chromatographic preparation step. 18) This method, however, requires a chromatographic separation because some impurities could interfere with the NMR analysis. The impurities may be mainly the Ginkgo flavonoids such as isorhamnetin, kaempferol, myricetin, quercetin, or their analogues. In particular, the signals of H-6 and H-8 of the flavonoids may interfere with the target proton signals of bilobalide and ginkgolides because the protons of the flavonoids were detected in a relatively upfield region compared to other phenyl protons. 19) Therefore in this study, we intended to develop an alternative analytical method using 1 H-NMR for Ginkgo terpene lactones without any tedious chromatographic purification. The developed method was applied on the quantitative analysis of Ginkgo leaves and six kinds of commercial Ginkgo products for bilobalide, ginkgolides A, B, and C. Extraction The extraction method was performed according to Komoda's method. 20) Five hundred milligrams of a sample in 100 ml of 70% MeOH was ultrasonicated for 30 min with three times. The three extracts were combined and evaporated to dryness using a rotary evaporator. The 70% MeOH extracts were partitioned between cyclohexane (30 mlϫ3 times) and water (30 ml). The water fractions were re-partitioned by methylethylketone (30 mlϫ3 times). Na 2 SO 4 was used for removing remaining water from the methylethylketone. The methylethylketone fractions were evaporated and reconstituted in 1 ml of the mixture of acetone-d 6 and benzene-d 6 (1 : 1). All experiments were based on triplicate.
Quantitative Analysis of Bilobalide and Ginkgolides from Ginkgo biloba

Results and Discussion
To achieve our goal, the quantitation of bilobalide (BB), ginkgolide A (GA), B (GB), and C (GC) in Ginkgo leaves and commercial pharmaceutical preparations by using 1 H-NMR, it should be possible to quantify each individual ginkgolide by means of the integral or intensity of a specific proton signal. In a previous report, the H-12 protons of bilobalide and ginkgolides could be well separated and appeared as singlets.
18) However, the 1 H-NMR peaks of Ginkgo flavonoids such as isorhamnetin, kaempferol, myricetin, quercetin, or their derivatives may interfere with the target H-12 peaks of the Ginkgo terpenes. Therefore, some tedious cleaning or preparation step might be required for the analysis. In particular, H-6 or H-8 of each flavonoid can overlap with the peaks of the Ginkgo terpenes in the 1 H-NMR spectra since these peaks are shifted to the upfield region by the adjacent 5-OH and 7-OH. To solve this problem, changing NMR solvent, controlling pH, and an addition of an NMR shifting reagent were evaluated. Of these, the addition of benzene-d 6 into acetone-d 6 , was found to shift the 1 H-NMR peaks of the H-6 or H-8 of the flavonoids to lower field and thus to be the optimum NMR solvent for the Ginkgo terpenes analysis. This NMR solvent showed a good separation of the H-12 peaks of bilobalide, ginkgolide A, B, and C. Figure 2 shows the effect of the percentage of benzene-d 6 on the separation of these signals. The mixture of benzene-d 6 and acetone-d 6 (50 : 50) gave a good separation of all peaks originating from flavonoids and terpenoids. As an appropriate internal standard, phloroglucinol (1,3,5-trihydroxybenzene) was used because it is stable, nonvolatile, and has a sharp singlet in the same areas of the target compounds but well separated. In the case of ginkgolic acids, other major phenolic constituents of Ginkgo biloba, the phenolic peaks are fortunately shown in a more downfield region (above d 6.8) when compared to bilobalide and ginkgolides, and could be largely removed by the cyclohexane fractionation used in this study.
As the next step, the detection limit was measured for 64 scans of an extract of 500 mg plant material (acquisition time: 4 min). In this case, 10 ppm of each compound was fully detected. Even 1 ppm could be detected by increasing to 1024 scans (Fig. 3) . The method can also be used to determine the absolute purity of reference substances for HPLC or GC determinations which is difficult to accomplish by other means as 100% pure standards of terpene trilactones are currently not available. The calibration curves for each compound using the ratio of the height of the compound and the internal standard were determined in the range of 0.01- 2.0 mg/ml in order to evaluate the accuracy of this method depending on the different concentrations. Each calibration curve is shown in Fig. 4 . The linearity of bilobalide (BB), ginkgolide A (GA), ginkgolide B (GB), and ginkgolide C (GC) were found to be larger than 0.990, that is, 0.9925, 0.9976, 0.9969, and 0.9978, respectively. However, we do not need these calibration curves for quantitation of the compounds because the integration or intensity of the peaks is always proportional to the amount of the compound and the same for all compounds.
For testing the recovering from a matrix, 1.0 mg of each compound was extracted from cellulose papers on which the compounds were adsorbed. The extraction method consists of the simplest extraction and liquid-liquid fractionation scheme among previous reported sample preparation methods for Ginkgo terpene trilactones as we wanted to avoid some tedious clean-up steps using column chromatography. The recovery of each Ginkgo terpene trilactone with the chosen method was more than 96.0% (Table 1) .
Finally, Ginkgo biloba leaves and six kinds of Ginkgo products were analyzed for bilobalide (BB), ginkgolide A (GA), B (GB), and C (GC) using the 1 H-NMR method evaluated in this paper. For all samples evaluated in this study, the H-12 peak of each Ginkgo terpenes was quite well separated from the others and no interference was observed in the range of d 6.0-7.0 in the 1 H-NMR spectrum (Fig. 5) . In particular, sample 2 contained additional plant materials such as Rutae herba, Hyperci herba, and Plantaginis herba in order to enhance the biological activity. These may interfere in the analysis of the compounds in conventional chromatographic analysis. However, there was no problem in the analysis using the present method. Table 2 shows the results of the quantitation of compounds in the various preparations. The results obtained by the 1 H-NMR method were found to be highly accurate with a standard deviation of 5% in most cases. The contents of Ginkgo terpenes observed in commercial products were about 4 times higher than the plant material except for sample 2, which contained additional plant materials as mentioned above. The contents of the Ginkgo bioactive compounds could be analyzed with a simple method and in short time, only 5 min, i.e. much shorter than conventional chromatographic methods. Therefore, this 1 H- NMR method for the analysis fulfils all the requirements of the commercial Ginkgo products. The 1 H-NMR method has the additional advantage that at the same time it is rapid, simple, and selective and an overall profile is obtained of the preparation. For the pharmaceutical preparation, this profile should be reproducible.
